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(54) SIMULATION DEVICE AND METHOD USING 

MOMENT METHOD, AND PROGRAM STORAGE 
MEDIUM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a simulation 
device using moment metliod which speedily simulates 
electromagnetic strength or others in time region. 

SOLUTION: This simulation device is provided with a 
transformation means 11 which provides frequency 
spectrum by digitizing time series data in a wave source 
and Fourier-transforms the data, a calculating means 12 
which calculates mutual impedance at a sampling 
frequency, derives an approximate expression of mutual 
impedance from the mutual impedance and the sampling 
frequency, and calculates mutual impedance at each 
frequency provided by the transformation means 1 1 using 
it, and a simulation means 13 which derives current 
spectrum flowing through each element using moment 
method from the mutual impedance calculated by the 
calculating means 12 and the frequency spectrum derived 
by the trasformation means 11. and then derives 
spectrum of voltage, electric field, or magnetic field, 
and an inverse transfomnation means 14 which inversely 
Fourier-transforms spectrum derived by the simulation 



means 13 and output the result. 
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±.mmm:^m<DmM\.-k.mt!im^^!Si\^x-^'^^v 
7- y :r.^igii^xmt)'t^mmis^^Sit'S:mA.?> r i: 

So 
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2 

So 

Bo 

[f«*:3S6] iS*iSi?iv>L5lE®<:o-=E— hfe* 
s'iJ'V^^.kffiSy T^Va XCDV^-ftl/**— :S■3^.tt3!^:^^^' 
5.'y^>':^^^K])T^'>'a>-\c^i^'\tX. ^^:^'<-i^ 
yx^^^Sfr-t-sri*, 

So 

50 ^Ztj4r, 



3 

Z,j = e --"""[(ao aaf* + aaf* + a^f^ + 

• • ) +j(bof -^+bif + baf= + baf" + b^r + • 

• )] 

fab, i -.mi^m, k:St^, ro -.mmni^mit 

(go 

Y.J*, 

Y,j = e --""^[(ao +aif'+ a^f* + aaf* + a^f^ + 

• • ) +j(bof "^+bif + baf^ + baf + b^f + • 
•)] 

mb, f k-.m^, To -.^mitrnmit 

Btj = e -^""^CCao +aif='+ aaf* + aaf* + a,f« + 

• • ) +j(bof + bif^ + b2f= + baf + b«f^ + • 

• )] 

fib, f -.mmm, k ro k^M i t 

roW(^5liE«t, ISSlSiJ^^CD j 

mo 

1 0 1 ll^mSS^S*}-^^*) b, JUStSc^s^ 

He 
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tSST ^y^>';^^:^i^';T^-:y3>'05V^i•^L^:. 
-;fe-x«2!J:*-fcov^-cti%iSbT^— > >- hife^riiffl-t- 

So 

10 [fi*jsi 2] m^m^^mm\c^p\L. mi&m^^ 
■f-smic^ataiiais 

^igis^*5S*?b, ^-!^v7"y >'i!'jii8cis:-C'«>^as^'v 
b, ^^^*^*oTlll^o^^La^is-cl3:^b7t'S-Jl^fi|gr■C' 

II 2 COSQ-aiiS-CSittl b>tfi2-< tf — y i^;^ i: . M 1 
®«tailSt?l9:3£bfcJia6IS:;^'<:*' ^ 

m b-rffl;^-fsm 4 OSaamS i: ?r^»;^ S r ^ 

[i!l*iSl 31 «^«Sg^S^Jc^^#|b, ^tSSc^iS^ 

T, ^tH2-r vtf-y>'^i:gi^c^}^oifeaSi:;a:.^^- 
> :^ vmt.vt^x'^wm\cmi\^imM^'yK^\' — v-r 

40 &as(^^^?ijf*-^'«rSt»^tb7-y3i3£mi-5:ii:-e 
vj^i:nx. ^<D±xy.\t--uo:>^WLm^ 

^i<^S£iaifig-C'Si:;tb7tjsiS^«r#]tb-c-!J->'yy >- 

iJ^JlStlS^rSlRb. ^•i^i^7'y y^!^J!liSj@:•C(©^BS^>' 
b. ^nSrfioT^l <©«!:lliiSa-ri3:3tb7t#^&ia:f 
50 m2(75«iaiiSTg^tiJbfcffiS^':^lf-i5^i^;^i:, ^1 
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So 
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6 

i^xhoXs 

10 -Sis' f-yi^i, ^etu^iSi^oiiaSlgcir^riiaa^f^iUXta:;^ 

±sigm^s<©^jeufcwasst^%itbTf-v7'y 
-^j^v'^^ntaiUT, ^tasi'i^i^-yv;^if-:^7'y 

?t>hmcv^-ox^mmi!^mn^m.m^'y5.z..u~ h-t 

30 Sfiifi)cSraiS*-> >' hfe^fflV^;^'^?^ V— Va 

±iaiE«i¥S<o^;eb^jaa!ti^^^itb-cf-vry v^j^ 
ffls-i' if-ij^i^^ «r^ai-r 5 Stales i: , 

50 ±fE'>? ^ ^-a >'^m(Ds&:^\.ftihtlM^<^:^^^ 



7 

S«J^«-«&S*— > V hS4rfflv^;fci^ 5 ^ i^a ^-ig 

i -r S r a 7 A|E1gjKfl£„ 
[000 1] 

;^ V hS^fflV>7»J:'>'5:^ v — v'a Vigtt&TJ^ 
[000 2] 

[0 0 0 3] rcoj;$>fcSSt«««r^S$^S7h*(-, 

[0004] * , l:^*gs|{c*fi--5tt#^i^M t L 
[0 0 0 5] rroj;5ni:SSt«^€riS!fJ£$-tir57t*ii, 
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[0 0 0 6] :L<r>'ik^<D'^i=LV~'y3-ym^i:mm- 

10 V\ Ur. *oa*^:aftMi-5o 

[0 0 0 7] ftSJi^*^(^«^fl£A»&|JclW$n5miK^3fiS 

1 0 0 0 8 ] m*»< t.<oi: bT,^— > h}*;js& 
^}i^p5^*:.ti,5a^>^5-;eiK<o^i*(75i<5-c, i^flc^r/h^ 

fimm^i^n i^xmM'^mm<D^%i:n 5 ^i5fe-c& lo s 

20 3i«i:5c(Oftig?I^<^ti^f*i:^^®5ri/!iS-C#5, 

>• hfefroV>-C<^#%S:Sfct LT(4, rH.N.Waiig, J.H. 
Richmond and M. C. Gilreath: "Sinusoidal reaction for 
mulation for radiation and scattering from cond-uc 
ting surface' IEEE TRANSACTIONS ANTENNAS PROPAGATI 
ON vol.AP-23 1975 J ;SS&5o 

[0 0 0 9] m.^m^mi:^^mf£mMi^y> -c 
[0 0 10] ^itk<D^tjf£^mmnfmmi:[^x. 

coco, ■ej^iilSS^>5r-^/UJ?=gffJf^(©J; 5 ^CJE^SH^j:® 

[0011] -f-jfc^^-frj. mmwmm-^mmm^mx\±. 

xmi)^<mmi\:-i-?>k. ma^^^-y^u^^t^^smi^m 
$5H-cfesfc*. m±tmwcn:mkfj:-ox='>'i^:=L--$' 

[0012] Hfi, WI5BS^i*^W|3BIS^>i*-ett, RSic 
50 z)^ >;«7=XA±fi[SJt®S'l^r*7ti-'^-^^U^>^-^ 
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10 0 13] rco;js, ^'-?i'^hmi^ti^(o^^fj:mm 

[0014] ^r-C, > >- ^•&S^fflv^-Cs ^wet{:: 
[0 0 15] L;<i»L/£;dSfc, Z.<D^m%i. 

[0016] ^Jfcfc*), > h*-CSBSI9.cDSJc#t3S 

y ^ xjp^j^iis y r v- a >'*Ff:£<^ti-^*0!a(r j; ot 

vbf— ^^-^^j^tasT K5:s'iJ':^^-^ffisy 7'^!'^/a>• 
[0 0 17] locojSiSElSfciitLT, 



(6) i^M¥l 0- 3 1 9 0 6 9 

10 

[0 0 18] tBB:-<:/tf— ^vj^fi, &Sil^<J3 

[0 0 19] \>^±.\cmm\^1i.^ti)^h^i^t^^i^b\c. w 

20 [0 0 20] 

[ISM/4Sft?;9tLJ; 5 t-f-5S6S] I'tet-.tSS: 

5fe(JlttlS©#S¥ 7 -298062 ^—;<>' 

[0 0 2 1] r OISI^-C}*, jaStlgc* f , k ( = 

2 f / c , c f^^ii) , S^M<?5£*Kil4r r o T'* 

30 • • ) +j(bof -^+bif + baf^ + baf* + b*f + • 
•)] 

Y,_, = e -^"^[(ao +axf='+ aaf* + aaf* + a*f° + 
• • ) +j(bof -'+bif + baf^ + baf + b^f 4- • 
■ )] 

Bij = e --"""[(ao +axf='+ a^f + aaf^ + a*f« + 
40 • • ) + j(bof + bxf= + baf" + baf + b*f* + • 
•)3 

[0 0 2 2] ^LT, 5fe-fi:UJJi. v^< oA^Wf-^'T'y 

^ -^a ^-B x.^tf^b, ^tv*±iaroiiaps(^-f-^A-f-5 

50 ^*Ji)5„ ^b-C. •5-<©^x i^>'^y >'i5'^Jfi^t^^<^ 



11 

[00 23] ?:c*J. f-:/7°y :^i>'jlfelS:ro<HSi:«, 

b*j iv^5#Si:ap. bp *-c**5:: ticj&So 
[0 0 24] rco38M**&5<k, fflS-l'Vlf-iJ^V^Z 

iifii}'llfTX'#.5J:5{cjfcs:::<i:A^£., ^ffi6«j{c3E^b-t- 

[0 0 2 5] r i 9 , «^«SI§;dS>:c-if ^ST^jtSiS-^ 

[0 0 2 6] :^^miii>^A^^^mi^^^X^£^nf!Lh<7:> 
-C'fco-C, ;^3gW#^5^f-tB®L-7ti|*®¥ 7 -298062 

[0 0 2 7] 

[SRJS4:«?*-t-5fe*©#ia;] Ml S.-(jm2\c:^^m(n 

:^^nS.T K 5 iS' >':^-^^S. y T ^ V a ^-^ISiili L 

[00 28] mi {-J!Sa«^^^0^rS:$:|gM©V^ W 

[00 29] r CC»1=S^® 1 0 fi. li^{^55-Sil$it7t-> 
^l^l^iS; 1 1 , StMOTi^^^jT^-iJ' ^gi^-ft: L 7- y 

[00 30] Wm^m 1 2 fi, ^tft#® 1 1 C^l2;£b3t 
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-ecoffist' tr-^v-^^-^ta^r k ? s/ ^' ^-^ffis y r 

^Va:/«r3g[t±l-f 5^1«>tfS£^Sl 6 i:, ■!^:/7•y:^ 
■ ^mi&mi:mi<D9¥n^^l 6<DWmL■ft^K^:^}^^~ 
10 1 6cOgiiilL7tffi3:yT^'>3i^<i:A^e5tHSyr:^''>a 

i^®iE{Et^?r»ffl-r5»ffl^ai 7 Sffl^ig 1 7 <7> 

SyT^V3:^«:i£ffii-S^2<^>H-ii#i!:l 8<b^«;t 
(0 0 3 1 J '✓'53. U-v^a ^^^i&l 3f*, ^ttl#© 1 

^ffiay r^'>3 vi, i co^^L.7tpj6^ 

SjRtriStD-C, ^coS«;^^:i' 

*ai;^*f^<!:bri9:«-fSo iS»lEm#Si4tt. v'Sa 
^a^-^Si 3(;oga^Lfcai:;^*f^<^;^^^ h/w* 

[0032] :iZX. a l^^Wt 1 3 tt, ^ 

[0 0 3 3] r(?D*|g?3«0v'3.U'— '>'3>'|g@10^o 

r corn 25^7 Att^«:-e«^^jx. tf»«ifc^'>';^ ^- 
/^^^^rp<*y±-eilIf^•f-5r i:T% :*:^W<^V3.i. — 

i^a ^-iSBl ^Hm-rsr <ttc:/£S„ 
[0 0 3 4] r<©J: 5{r«^^cit5l2li 
^"^S^^I^coi^Sl^U-i^al^igBl-ett, ^gl^S 
40 1 1 ^5, &Jg0^^5IJx-^ ^iSttSr^b b 7- y 

U7tJa^s^^:%^turi^>'ry y^jiSt^«riS*?L, m 

lOlfgt^Sl 6}i, S*?^'^! 5CDiS«^L7tf->-7'y 
>':/ja&ia:t?C0ffi2-i'>'tf-^>-;^-^ffl2T s/^>' 
^•^ffi2 y T:^' v'a >'^S^iE^ife?'£Ty^=fy^i^^^:t^oT^ 

[0 0 3 5] ^L-C, W^Wtl 7fi, *g2'f 
50 V^^ZtjiJr, mk.\f^ 
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Zij = e -^"^[(ao +atf'+ a^f* + aaf^ + .a*f^ + 

• • ) +j(bof "*+btf + baf* + baf" + b*r + • 

• )] 

fab. f :j«tSE^, k-.mm ro :mmitmmjt 

^t^f^A^S^li-C?. «ijta„. bp *5|^^IS:i:i-«.ig 

So 

[0 0 3 6] *7t, ffiST S'iJ'^Yiji^r. •B'lJt^, 
Y,j = e -^"""[(ao +aif=+ a^f* + aaf* + a*f« + 

• • ) +j(bof -*+bif + b3f=» + baf° + b*f + • 
■)] 

mU, f :JlStjgt, k :StSc, ro : i iS^j 

[0 0 3 7] ffiSy T^'>a ^-Bijtr, M;tfi, 

B,j = e -^""^[(ao +aif='+ a^f* + aaf* + a*f^ + 

• • ) +j(bof + bif^ + baf + baf + b*f^ + • 
•)] 

sis<k^i(^fi-^#isi 6<^^aib7tffl5:yTi^'>3:^ 

<t*f^A^5:ii-C?, #^a„. bp *7|5^^i:i-SiiSzi 

[0 0 3 81 -(^J; 5t=bT. ^aSi'i^tf— 

lEj^^si i<;5^;£bfc#j^«^-C(OffiS'r:^tr- 
b. m*SftT> 5: a. > a ^-^-la: 1 3fi, rro 
^S.VT^i^3>k. SEife^Si irotJjtbTtiSSiS:;^ 

[0 0 3 9] -€-bT. '✓'a ^'^ai 3}i, r 

tii;^^^i:bTs9:3£b. \ 4f±, wOaft^e^ 

tT,7t^-<:J' h^V^oa^'-y tX'^W^^fc 

^Jftb-cm;'j-t-5o 

[0 0 4 0] rroipJ-bT. lai {rlsaffif^^'ll^i- 
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l^Fflffl«^ciS?a5^^lb-cv^< i^^5;^fe^r^5:l^:iswrl6 
[0 04 1] rco;*:^e3<^">'^^ U'— v-a 

r i 4r*fM-t?# 5 J; 5 f-'ic5o 
[0 0 4 2] — El2(cj®a«^^El^-f-5*^W«5 

1 >g ^^^^2 2 gcm^i9:2 3 
ff'^#®2 4 k^mit^o 

[0 0 4 3] rcos=M^ia2 ott. ^m\cj^m^fiit.m. 
bx, =3^-^ yr^I-§•«r^gB■f-s^5<^^sfflv^t^^s^-g■ 
■f-5o v'?^!- — a >-¥-|g: 2 2 tt, •frg^^c^i{c^^sJl 

[0 0 4 4] Siai^S 2 3 ft. ^Ffl®*SmiJfE^#t[i bfe 
9, «FWffl«i^«ffi^gcmb7h(5-f-5o H-|S^®2 4tt, 

[0 0 4 5] U'— i^g K)«fO 

V g i^^a 1 * Sia-f- 5 r i: ;i 5o 
[0 0 4 6] rcoj;5fcfll^^nsil2Jc:lsa«^g«rEI 

2 1tt, iSilgirb-C, ^-y yrff-§-«r3E?B-r5t©^5ffl 
v^fctiSS^Jc, ^-tvSr. :3r-v yrm-^<i0^iSia:^:S5fl 

i: J15S^^«p'3 3 o 

40 2 2 tt, 2 1 ro5>»b7t'S-«Mf-*tb-C^-^ 

[0 0 4 7] rcoi>'5^^-H)S*^:Stt-C, JStfi^® 
2 3 tt, 5 = a ^■^^ 2 2 <0**fcja&|g:®« 

miS(c*»e>ffiSFra®«cm«fE«r^aib7^:i5, >'5:z.U'-Vai^ 
#S2 2C0*i?>7traj|S^«S«fl^«1E*>?3^Ffl®«lKSfESr^ 

ta-f-So -^-bX. ff^#g!2 4tt, iJitl#© 2 3 CO** 

fcB#W®t£S«cJ?=i^M©J^«i(c*'g'^ bit , -^fi)c^<© 
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[0 0 4 8] :i(DXoici.x. ^-y yrft#Sr^iai-5 
«lS6:^h;b7— yrc^i^ii-sr h^i^^^t 

[0 0 4 9] 

98062 -f-c, *->>'hrfe{cj;5mjK#3fiar<©iLa*<s 

[0 0 5 0] rco^rftrfi. i iSiK j iroMc^^i 

Zij = e -^"""[(ao +aif=+ azf* + agf" + a*f^ + 

• • ) +j(bof -^+bif.+ baf* + baf^ + b*f + • 

• )] 

Yij = e --""^[(ao +aif=+ aaf* + aaf* + a^f^ + 

• • ) +j(bof -^+bif + baf^ + baf + + • 
•)] 

Btj = e -^""^[(ao +axf=+ a^f* + agf + a^f^ + 

• • ) +j(bof + bxf^ + baf + baf + b*f* + • 



16 



)] 



f n 

r o 



10 



20 



30 



40 



[0 0 5 1] !3^}c:, fflSi'^'fcf— tJi'^'^^Zij^s. 

r =[ ro^ ^Cr^ -ro'' = (ro' 

*fro(l+ A/2ro^ /Sro* + 

= ro+ A/2ro- /Sro^ + • • 

[0 0 5 8] rtl,*iP>. ffi£-l'>'fcf— :J^:^:^Zi3S.t)5Z 
i4f4, 0 5 (b) \cMi7jk-t?>^^C0^^\^^^ih,^o r 50 



[0 0 5 2] tBS'l'Vtf— y^-^^ZtjCO— fi^fi, 
(a) \cm^-ti>^^X^^riho '--C. 0)1 
ISc. r \tmm. i0i=-l/ja)xaji/'5t, Pa 
= -l/'ja>x3j2/5 t-e&S, t.tc. s*fflV>-C 

[0 0 5 3] Ji StJJja tt, ^ >- f»ffit::4b-tt5S 

t::t)iiffl-C#5o rr-COlEMft, Ei^iE^ft^-^ >- 
[0 0 5 4] E^>]E5^^— > h^*^-*5V^•C> 0 3 CO 

t?^So rrt?, dxfi^y 5K-/KDcoe^?, dati^yjK 

[0 0 5 5] 

Site* 3!}<— /Kj) J I =sink(z-zo)/sinkdi 

fijlt* / /V© Jx =sink(za-z)/siiikda 

%M^/^—A^O J 3 =sink(t-to)/sinkd3 

llfflE^ y *f— /Ug) J 2 =sink(t2-t)/sinkd4 

^yxK— yi/^cdtaS'i'V'tr— ;?'>-;^Zx4.4r*J6So ^co 
ffiS-i'V-tf— iJ'V;^Zia^UfZi*tt, 04 (b) t0^ 

[0 0 5 6] Z.Z.'Q. ^yjK— /WMCOEitr =(z= + t 

= -2ztcos« + h» ) *#is-rsi, rnferotss: 

^Vtf-^>';^Zi35Lt;Zx*<©'K^SPJ*. 0 5 (a) fC 

[0 0 5 7] let;:. ^-y^K— >WoffiBSr fi. 



= ro(l+A/ ro= )^^=' 



■ • •) 

• =ro+d 

r-C, Ax = sinkdisinkd3-Cfc5, :L<DW^^mUf£l^\C 
ir^lt^K^ Z— Zo=U, t— to=V, W=— t+tai 

slnku if ku - (ku) 6 cosku (ku) V 2 
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*5> 



*Rx =[o/Aj[(Pik*- Pak* + Pak^ - P4k")cos«i 

- Psk" + Pek* - Prk* + Psk^ ] 
[0 0 6 0] Hi-, rAi=sinkdisinkd3iT didak^ J t 

* Sir. taS-Y^-tr— ^^^;^Za3C?5||^SURx ii, 

^'"V(did3k=')][(Pik *- Pak^ + Pak" - PA")cos«i 

- Pok* + Pek* - Prk* + Pek^ ] 
^'"°/(did3)][(Pik=» - Pak* + Pak* - P^k" )cos«i 

- Pa + Pek= - Prk* + Pak* ] 

S^Ii =[a/Ai][(Qik=- Qak° + Q^k'' - Q^k' )cos0x 

- Q»k+ Qek' - Qrk" + Qek'' ] 
® J; 5 f-^^Jl-So 

[0 0 6 3] SJ::, rAi=sinkdisinkd2±? didak= J t 



[0 0 5 9] k * ^<^«</>#.^4:Pi~P8fc^# 

Ri = [ae 
= [ a e 

[00 6 1] ffia-i' ^•tf-^'v:^ z i^<Dmfkn I 
[0 0 6 2] rr-e, k» ^(?3«<^'^iariS:Qi~Q8{j:## 

I 1 =[ae -•'^°/(did2k=')]C(Qik''- fek" + Qak'' - Q^k" )cos0x 

- Qok+ Qek' - Qrk^ + Qak'' ] 



= [a< 



V(dxd3)][(Q»k- Q2k=' + Qak' - Q^k^ )cos0a 



- Qs/k + Qek- Qrk= + Qek" ] 

★ ★ [0 0 6 4] rjld^S). ti2-l':^tf-:J^>';^Zx3«, 

Zi3=Ri + j I 1 

= [ae -^'°-V(dxd3)]C(Pik= - Pak* + Pak^ - P*k° )cos«i 

- Pa + Pek' - Prk* + Pek^ ] 

+ j[ae -^■°^°/(did3)][(Qik- Qak^ + Qak" - QJcMcos0x. 

- Qa/k + Qek- Qrk=* + Qek^ ] 



[o 0 6 5 1 ffiBli' :xtf— ;^^>';^Zt*^iov^xt, lei^ 
^Zi4^r^-fo 

Zx*=[ae -■"^/(dxd*)][(Rxk= - Rak* + Rek^ - 
R«k" )cos0 = + R» - Rsk= + Rrk* - Rsk* ]+ j[o 
e /(did*)][(Sxk- Sak'* + Sak" - SJc^ )cos 

0 2+ Sa/k - S6k+ Srk" - Sek" ] 

^(DipfCbT, ftS^'Vf— cJ'i^^ (Zx3+ZxJ 

[0 0 6 6] Zx3+Zi*=e [(Co+Cxk='+ C^k* 

+ Cak* + C*k° 4- • • ) +j(Cak -^+Cek + Crk= + 40 
Cak" + Cgk'' + • • )] 

^:Z2*T'^-f-jfcfc«, (2=3+ 
T, ffl2i':^tf— ^-'v;^ (Zx3+Zx*+Z23+Z2*) 

[0 0 6 7] i-^j:*^*,, tia^'vt;'-i5'*:^;».ZMfi, 

Z.j = e --""^[(ao +axf=+ aaf* + aaf* + a*f« + 50 



■ • ) +j(bof -'+bif + baf' + baf» + b*r + - 

• )] 

[0 0 6 8] 4g]g:T K s: ^ >';^Yij{cov^-t:fi, ±i«E 

a^' vtf— yi^;:^Zij<Dja{as;i:^< f^— c&sc^f, 

[0 0 6 9] -f-Jfetoib, taSr S'^^'^^Y^fi, 
Yij = e -J'°*[(ao +atf=+ a^f* + aaf* + a*f" + 

• • ) +j(bof -^+bxf + baf + b3f° + b*r + • 
•)] 

[0 0 7 0] ^\C, taSlIJT^Va :^BtjdSJS?S[|&c^# 



[0 0 7 1] l:j^cM^cJ;5^K^^co^,^-c#;ts„ 

t?, h^Wtts mi 1 (a) i 5 (-^ 

1 Oco*7 7K-yKD~@(^SHBII*(4x ^(r>i:o\^^-t 



(11) 
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^yxK— yK2)cog$. daf^^y^— yv(3>(?:5S^c^ d^tt^ 
y — yv® CDS ^5 -C fe ^ o 

[0 0 7 2] 

Ji =sink(z-zo)/sinkdi 

J 2 = sink (za-z) / sinkda 

Ms =sink(t-to)/sinkd3 

M4 =sink(t3-t)/sinkd4 

H0n. mi 1 (b) {n|g|^i-5IS::S;trJ;i9^^ti-5r 

[0 0 7 3] 01 oicisi^^x. 2cog^^;fyfpic:> 

T^v^a^^Bijft. 011 (c) tc0:^i-5lS:^<;o 

[0 0 7 4] ^^cOSc^fc. 01 2fc:gl*'f S*#*f^A 
■f ^i. ffiSy r:^i^3 VBtjf^. 01 3 (a) 

r =(z^ + -2ztcos0+ ) ^/^^ ^ro + d 
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(b) {cmm^^m^'cmi-^ht^'c^i.o 

[0 0 7 5] zin^^h. ^/tK— /i^Oi^y tK— 
— yw®i:(75Fp^c;offiSyr:^^^>a:/Bi4fi. 01 4^c0^ 

[0 0 7 6] rcOifciC^rffag?^?!?^^:^-^^::*}^, z -zo * 

Bi3=[hisin0i/(4 ;cdxd3)]e "^"^ 
[ Px+ (P2+Qx)k^ + (P3+Q2)k- 



* =u ^ t — to = V ^ w = 

sinku i?ku-(ku)V6 cosku =^l-(ku)V2 

i:V>5#iISt;ffiM4rn5 ffisy v'a vb a3c;o:& 
j2m2iSfi. 01 5fc0^-t-5ia:5CcDJ: 5f-lEm^Ji. 
ir^«}cf^0 1 6 \cmfr^^i>W^<Di, 5 ^^^^^x^o 
[0077] rr-e. k=^ ^<Diltf9«®:«:Pi-'PBf^*# 

Pik^+ Pak* + Pak^ + P^k® + jCPgk^ + Pek^ + P 
10 rk'^ + Psk^ ) 

[0 0 7 8] [^^tcur. ffi2!;TiJ^i/3>'Bi3C0:&i22 
^iJlt>. 01 7 tc0:^i-5^S;tDj: 5jc^m$n. ft 

-e. k ^co3lco>^^4:Q,-Q3t^§t#|x5i. rose 

Qik* + Qak^ + Qak^ + Q*k'°+ j(Qsk^ + Qgk^ + 
Qzk^ -h Qak^ ) 

20 [0 0 7 9] :Lnt^^. tiSy Ti^v^a ^^Bisti. 

Bi3=[hisin0i/(4 7usinkdisinkd3)]e -J>"°x[ P^k 

+ Psk* + Pak^ + P^k^ +j( Psk^ + Pak= H- Prk 



^ + Pak^ )+ Qxk* + Qak^ + Q3k° + Q4k^°+j( Qs 
k^ + Qek= + Qrk^ + Qsk^ )] 

[0 0 8 0] Ht^. Tsinkdisinkda^didak =^ J <tV>5 

X 

+ (P^ + Q3)k« + Q*k« 



[00 8 1] ffiSUTs^i/aV-Bt^fCOV^Tts P^^f- 
LT*ib6r i:;d3-t?g:^o Tfa{c:fflS y T:^ V a :/B 

Bx4 = e [ Si+ S^k^ + Sak* + S*k^ + Sak^ 

+ j(S6k + Srk^' + Sak= + Sok*^ )] 

^(DiioKx^x, ns^uT^i^si^ (Bx3+BxJ 

[00 8 2] B X3+ B X4=e "^"^ [ Cx+ Cak^ + Cak 
* + C^k^ + Cek^ + jCCek + Crk^" + Csk^ + C 
ok^ )] 

^ y Tjf — yV® i ^ y tK— yV® OfflS y r a V B 23. 
^ / tK— yP© i ^ y yW®COtSS y r a >'4- B 24 

"e*-#-/^tf^. ffisyri^v^av (B23+B2J frov> 

--^>';^ (Bx3-hBx*4-B23+B2j fc. ±^<tf^^ 



+ j[ (Ps + Q=)k+ (P6 + Q6)k=' + (Pr + Qr)k= + (Pa + Qa)k^ )]] 

= e --^^^ [ Rx4- Rsk^^ + Rak^ 4- R^k^ + R^k^ 
+ j (R6k+ Rrk^ + Rak= + Rok^ )] 

[0 0 8 3] ^fj:t:>h. ffiSy T^v-a V-Bijt^. 
Bij = e -^^[(ao H-axf^4- a^r + aaf^ + a^f^ + 
• ' ) + j(bof 4- bxf^" + baf^ + baf^ + b^f^ + • 



•)] 

[0 0 8 4] *:«§«c;0^>^3lIx— Va VgBl<^ 

L/cCV >T*>' ^ 31. 3 ^'^SlfT-f-S r i L 

[0 0 8 5] 01 9lc, *^e^cDv-5:^ ix--v-gVigg 
IcoHfr-rsaLa^^n— <;o-*Jfe^J4r0:^-t--So 
x\ 04'x 1 0 otil^a:7r-r/U''e&o-c. SiStr^^tl 

[0 0 8 6] ro«iS:7n— tc^i-i 5 *^egcoi^ 
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[0 0 8 7] 0 2 Of::. riSMAASOiaj (75Jaa:7D — 
rii6MA:^«!!Sj -Cf^i, Ifa^r-f/'H o od^fe^W® 

[00 8 8] -tfai^-h. EI 2 1 (c:^-t-<t 5 JSJlro^ 
[00 8 9] «^-^(C*f^5r-^ h- <t L-C, SSffiiSr 

[00 901 19I«SE*1^^=' >'7^Vf-cojeM^Sfe5^ 
-g-fcfi, rcotKMi£:l2 2 2 (a) {c#-f-.t 5 

iSitJ-S'^ir El 2 2 (b) {c^-t-i5J-, -<?3^ 

■(ffilHl8|t^;^-f-^-r s/r/Sffi*, •dSlfi^Jf-fi'/^Jlffl 1 1, t 
2 4:|4po^'?/v^®ffi^:L-C&5r tfrfjjSo 3:/7'Vi^ 

o-Ci^aib-C*5#, tl, t 2{C(i, iE-ttei-h<^1fiiS:#;t 

■So 

[00 9 1] *7fc. iJJfflagfEtrJ^O^l' ViJ'^^J'COjfeigdS 

Ji«ai4dsje:>g7i:r i^ifc. 023 (b) 

tl, t 24-l^oyNyU>^mj5fci:bT®5rif;i?iCSo 

^Mto-cf-iWL-c^o*. tl, 1 2}cfi> ^n^M.(Dm. 

[0 0 9 2] rcoj;5t-UT. rt6aiA:^ia!aj -c, 'g' 
[0 0 9 31 iii2 4}r, riaiEis^gcdisaaj <7)*£!!a:7p 
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[0 0 9 41 m.^^x. ;^7^s/7'2t?, r<^5m:eL.:fci^is 
[0 0 9 51 m^x. yf.T-yy3x. ^atat^f-^-^^y 

20 >'j/J§J6|gt05tt'*i&, f->'7°y ^'^JliSlfe^lOjSf^-f- 
j i:<Dm<DmS.'<>'i^—'$^>^Zis (i,j=l~M) 

g^aiur, -=etL*f^^7r'f'/u2 0 ofc^&iirtu-cd^?}^ 
7^s/:7°3lcM^Xv^<o 
[0 0 9 61 ;^7^5'7°3X. ikT<©i^:^7•!; ^'^JIJS^ 

ov^X<^tBS:-l'>'tf— iS^^^^Zij (i.j=l~M) t^l^ 

30 — yVJ^^Zij*, 

Z.j=e --"^[(ao +aif=+ aaf* + a^f^ + a^f^ + 

• • ) +j(bof -*+bxf + baf + b3f'' + + ■ 

• )] 

tf-i5^:^^Zijt«r'ftA-t-Sr iX% ^Mao ~ai., b 

40 I., bo ~bi. *f^li77^>'^2 O 0{Cl5&*ft-f-5» 

[0 0 9 7l fiitj;t«, SiSOf-i'T'y V^jaSE^f .l~ 
Z ijai= a j jS i j.i 
Zij.2= a ij^+ j /3 ij»3 
ZijB3= a ijB3+ j /3 ijo3 
Z ijs4= o j /3 
Z ijas= a ijas+ j 0ij.a 

i:*at)feti-XV>5<!:#t-f4> 
50 ciljsi = exp[— j(2 ;t f oi/c)ro] [ao+ai f ai^+aa f ai*+ 
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a ijo3 = exp[— j( 2 JC f o2/c)ro] [ao+ai f ^a^+aa f a2*+ 
a3 f sz^+a* f s2^] 

a ijo3 = exp[ — j ( 2 7C f s3/c)ro] [ao+ai f sa^+aa f •3'*+ 

a3 f »3*'*"a4 f d3^] 

a ijs4^exp[ — j( 2 k f o4/c)ro] Cao+ai f s^^+aa f 04'*+ 
aa f s4*+a4 f 

aijss = exp[ — j(2 K f sa/c)ro] [ao+ai £ so^+aa f 33*+ 
as f os°+a4 f 83^] 

3ij=i=exp[-j(2 7z f oi/c)ro][bo+bi f ox^+b^ f ,1*+ 

D3 i si 

j3 ijs2 = exp[- j( 2 Jc f o2/c)ro] [bo+bi f ^a^+b^ £ 
bs f oa^+b* £ s2°] 

^ ija3 = exp[- j( 2 TT f »3/c)ro] [bo+bi £ .s^+bz f o3*+ 

bs £ s3^+b4 f s3^] 

0 ijs4=exp[- j( 2 JT £ 3^/c)ro] [bo+bi £ s^^+bs £ 3**+ 

b3 £ s4^+b4 £ s4^] 

0 ij3s=exp[- j( 2 K f »s/c)ro] [bo+bi £ ^s^'+ba £ :=s''+ 

bs £ sS^+b4 £ sS°3 

o ~a*. bo ~b* **at)-C, i t^M j h(Dm(0 

Zij = e -^"""[(ao 4-aif^+ a^f* + aaf* + a*f° ) 
+ j(bof -'+bxf + b3f=* + b3f° + b*f )] 

[0 0 9 8] 7S*5\ rro riaja=^^ais£Laj o^si^Tjaa 

j iroffiro+BS-YVfcf— cJi'^'^^Zjj (i,j=l~ 
M) 60i£{9tSC«-*fcSi, i^v^T, riSfaj6ajsfE^ffi«i 

[00 9 91 s 2 5 fc, mm&mm^m^s^mi cD*aa 

7n— (75— ||Jfi'Biij?r0;^-f-5o rroiaa^n— {;i^-f-J: 

A:fji-^ii. jfc-TMcm::. ^-coiEcofflSE 
^OlOO]^v^-C, ^■f-3'7'2t?. -?-rojS*^L;fcJ^j6 

ij (i,j=l~M) *-*a55o rcC)tB2-Y>'l^— 

2-C?^fflLfc:|g2i' Vf— ^>'^Z,:, (i,j=l~M) 
h.'WV (a))(<B = 2 ;r f , ) i€r€tl/\ 1212 6 
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i(f , )~ Im ( f , ) tr*fc-C, T-iTjJSlftfc 

T% A;'3 Lfc^^JSSIgc f a ( q=l~N) -Cco^S^tc 
«fEtl€)l:*fEl i(f , ) ~Im ( f , ) ^**So 
[0 1 Oil mt?. r.<;50 2 6 tr;^-f*— ^ V 

Sr#P< Jd&feoTfi. *:^M#i»5!|#SqZ 7 -342695 -f-t? 
10 LU4i-»fe^rfflv>S iMf^iiK^g^W^a 

[0 10 2] rj6igA:^*aaj t?#fen7ti^j!S<^;i&^ 

x^^' hyuicji, 0 2 1 fc;^L;tJ; 5 '^(DnWk^ 

[0 10 3] r<Z5^iil«La}4> Zij (to) i:Z»j (- 
20 w) i:<^?FflfJ:. 

Z»j (cu) =e --"""[(ao +aif=+ a^f* + aaf^ + a 

) +j(bof -'+b,f + baf + b3f° + b«f )] 
Zij (-0)) =e -^"^[(ao +aif^+ a^f* .+ aaf* + 
a*f° ) -j(bof -^+bif + baf^ + baf + b^r )] 

yUV (a>) iV (-0)) <!:(DFflfC*&G5BI'^;iSfc5r i 
-e. illilmJcMJLS«M I- ( 0)) i: I. ( -o)) tc^ 

30 . ( - 0)) JEroJSIi6^^■^fo&MfcJ;?)^e$^^?> 
SMI- ( o)) OTi«l*SPcof?^4rSe$li:5r it?*:* 

[0 10 4] /£*3, rc^ rispjg^ifEgtai^Laj cDsiff 
^4^fflv^siH^ri^^g^csQ,a•T?#^ri^^:/£^o rioj; 

aj icASo 

[0 10 5] 0 2 7}::. ri:)5fc^ta«Laj cos&a^n- 

t?<oi:M ri„ ( f , ) ~i„ ( f« ), ip (o) , 
i»(-fi)~ip(-fN)j ^aau-c. -^-tufe 

[0 10 6] :i(©J:5f-UT, rssKiiaiJftaj -e. ffi 
50 rajBEMttaataj jcaSo 02 st. rco rsBE^ 
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rip ( f 1 ) ~u ( f„ ), ip (0) , ip ( - 

f 1 ) ~I» ( - fN ) J 4:ttaiL-C> ^(O 

rzp ( f i ) ~Zp ( 
f N ) . Zp (0) , Zp (- f 1 ) ~Zp ( - f „ ) 

{'%±-ti>^mmm-vcom& rvp < f ^ ) ~Vp < f 

N ) , Vp (0) , Vp( - f 1 ) ~Vp ( - ft, ) J 

[0 10 8] jggv^-c. ■^o^feTh'S-JB&lfe-Cc^SJE rv 

p ( f X ) ~Vp ( fN ) , Vp (0) , Vp ( - 

f 1 ) ~Vp ( - f N ) J rSriS»7-y j^^^-fsr t 

So 

[0 1 1 0] rc?D«!;S:7D-in;^-f-<t r^^i?.^ 

Vp (w) 

n= 1 

[0 1 14] {rtieo-c^w-f-«.r<!:-e, #j^asisc-x?ro* 

rvp ( f 1 ) ~Vp ( f^) , Vp (0) . 
Vp ( - f 1 ) ~Vp ( - ) J €r*feSo i^VN-C, 
^-^*fefc#ja&^X'Og|#:fflSJEE rVp ( fx ) ~V 
p ( f N ) . Vp (0) , Vp ( - f 1 ) ~Vp ( - f 

«) J ^j3»7-y:c2g^-t-5ri:-r% ^{*MfiJ:Bpi-ig 

[0 1 15] rco S;(©«aiSgia{-ov>-cf5£?qi- 
ST^Cfcfi. H 3 0 {c^-f-J: 5 {=v p 1 ip 2 
fclSet R *lf A-r Si:, @ft:±ro SIf iii-^ a S i V n 

5^isi^<*;i^?>, 03 1 (a) icmm-r?>w^i>m^ 
r.tLd>e>, ^fl£ffi««Eip*s. 03 1 (b) 

03 1 (c) {:i0^-t-53S:S;oj;5(Ji**S, Hl^ 
(c) {cmyji-t^l^^-rj. rR-»co^ Ip2-»0j 
[0116] -Tf^t^-h. m 1 ) ^tts 
SSPS:^i:i-S«::i:-c^m$^xSfc(»-e&€.c r<^J;5lw 

[0 117] :i<© rej^i§;&7°y v-i/SCfflatHj tt. 
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}ct¥o-C*«>5r i:-C, aSU^pJc«^i-5«-jaJSIS-C- 
<^S» TEp ( fx) ~Ep ( f N ) , Ep (0) , E 
p ( - f . ) ~Ep (- f N ) J **feS„ 

[0 111] igg^/^T, ^<o**7t'S-Jgl&ISc-e<omiSi TE 
p ( f . ) ~Ep ( f N ) , Ep (0) . Bp ( - 
10 f X ) ~Ep ( - fN ) J tr)S?7-y3i35i^|-r.5r<t 

[0 112] r<©j;5J-bT, ^WLm^mnimi X. 

mmj^<Dmm^i:^!ib^k. m^x. mm^mB^wta 
«rit^i-5i:, mmnKmfi^nmm^oiX<Dm.m^ I 

= (o)) tL, jSfi£Ffl{4Bpi:^^ni:(^fflc0^jaSElfe 
co-e®ffiS:^i^l^— y>';^4-Zp„ (co) k-ti>^£<bt£. 
20 ^ffliK|^cot?<75^«EMaffiVp (co) 
[0 113] 

[il^i] 

In (W) Zp„ (W) 

30 pfccO-CfcSo 

. [0 118] 0 3 2ti;T^-t-J: 5''£J£V^^7>' KT'U'— >- 

z) --AM-rSS^cOx/^R^J-i-Ex * (x, z) . m(o 

mw<^mm^m!^x'!}^mmm<^&m (x, z) --am 

•t^M^<Dz^^i:Ez * (x, z) il^L, K (x) 
40 iJ:, 

[0 119] 

K(x) =Ex' (x, h> -Ex' (X, 0) 

[0 12 0] k^mi^. D«:, 

[0121] 

[^3] 



50 
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[0 12 2] t&mi-?>o ms sic^-r^^K, rroe 

t?|E:55-f5i. Ez * (x) i fix HI 3 4 1^0:5^^ 

lo 1 2 3] — rcoJ;5'i^iffJ®#Ex V, Ez * 
5 i . r c?3ejSi^SScDj||4ft'iMroffi«lt I d(a)) 
rcD.Taylorj {rj:!9, 0 3 5 

fi, 1113 6 (a) (Di.^\cm^igk7Lhfl^<DX\ M«> 

iS4S«fcomiSfcid(a)) tt, 03 6 (b) 
[0 12 4] ^aJ^^;J5#ft-t-5i, roeaSia 

^(D^Mff^mMlrM (4. fC. D.Taylor J fci^J, 

113 7 \cm7r--t^^^<Di:b\'^^hi^^' tn^^^bin 
J; 5l-'fe?), 

lO 1 2 5] TtJo, rc.D.TaylorJ CC>S:5^;fi, Tc. 

D. Taylor, R. S. Satterwite, and, C. W. Harrison, Jr. "The r 
esponse of a terminated two-wire transmission line 

excited by a nonuniform electromagnetic field, "IE 
EE Trans. Antennas Propagat. , Ap-13, no. 6, pp. 987-989, 
Nov. 1967. J \C^ML-^inX^^i>o 

[0 12 6] -ej^iHSgfr^tbTf^^SP^I^E 
X * , Ez * {-tfai^^. Ez * i:K (x))iS**5 

rcD.Taylorj {c J; 9 *Jt)6>tlTV>2)Sc^{::tJe 
o-C, j^iSfi«c^m«Eld(o}) t^ilkm(DmMlr{<o) t 

iS4S«i|^SJEZd(a)) t^mi<7^mmzr((») i;^^** 

[0 12 7] r^^*s^t-c> r^mm^:ti^v ^^<^^m 

i&Sj ftt, rc.D.TaylorJ {Ci 9 ^fefotlTV^SlftS; 

ripC f 1 ) ~ip ( fN ) , ip (0) , ip ( - 

f 1 ) ~ip ( - fr. ) J «r**-Cs ^n<b^m7-v 

asi^TcT? rvp ( f 1 )~Vp ( fN ) , Vp (o) , 
v„ ( - f X ) ~v„ ( - f N ) J *3}t*-C, 

[0 12 8] rco r^iism;&>'y >'^nm^mi icx 
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(01291 @39fc, reR^i^BS;«7:/y :/^gtffi*!i 

$3. '>g 04 0 tcEI^-f-5*#-Cffo;to HI 

3 9 (a) tt, mML.itmitT:^T-r<Dmmmmt?ji\^ 
xn^^ 03 9 (b) tt, ^(Dmmmm\cit:^^\^xmir\. 

10 /i^fc, amr:^^-^*^^ lmflfl^^fc"ej^i^K^;l. ^St<^ 
[0 13 0] r<^<t5f-L--C, *«?^C0V5jx U'— 

20 tw«ta-f so-e&5o 

[0 13 1] rco^it^j-cttx +ss-r v-tf-:}^^'^®;?^ 
**iti-S0 2 6 tr0.Tti-5 J; 5 NfecoilSz: 

Ey r^i^g ^-^Sr^it-f 504 1 \C7jki- X. ^ f/i^e— ^ >^ 

[0 1 3 2] 04 1 fj:0^-#-5lSxt4', Io.» 

30 jSft. M„ tt^e^frco^ffitc^fEtl-Sfi^iifE, S##i:^0f-± 

ctt^JS, ^;^^df4^1:«s«r«LT</-'5o 
[0 13 3] rcoHiSfiiiJ-Cfi, ^-^Vhfe^r/^ 

X. Sffix-^^ h/^^^ntjfox. yoi^m 

fc, ^aiU:fcia;PiiS®«fE«r5S»7-y3i|gtfeLX^PfB^«c 

pyv'^^nttiiuMi xn-^-^im^mn^^m^^m 

oX%iX^\ 

[0 13 4] m.^W^icfti-?>y'^ htLX. T>'Ti- 
i4> 5> JfcM $ ^^ 5 1:1^ i I? * S 5 i V ^ 5 

^iffi^;iS3 0MHz ~l(aiz CO^^-V y Tm#*. JIJK 

[0 13 5] :i<Df-:^ hi: ±T^i^it:fjmxn:^ 0 t-t?) 

50 SMc0^?S^j7^-^':S^^:^/£t,C0i/j:oTL* 5. 
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{gtc, icMz roijs»i*2 0*r^'>'h-cpffit!c'fbbJ;pi 

-t^t. IkHz -Cfi, 2 0 X 1 0* xK-i'V hf^T^-iJ'iS 
i: o -t L * 5 t? S o 
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